Diabetes is a major cause of illness and premature death in most countries, causing 4.6 million deaths in 2011 (1) . The incidence and prevalence of diabetes, and associated burden of disease, are continuing to increase in most countries of the world (1) . In the U.K., diabetes was diagnosed in 3.1 million people in 2011 (1) , with estimates for undiagnosed diabetes increasing this figure by up to half a million individuals (2) . The prevalence of diabetes among adults in Scotland almost doubled between 2003 and 2008, from 5.2 to 9.6% (3), and it has been forecast that by 2025 there will .4 million people in the U.K. who have received a diagnosis of diabetes (4) . This increasing prevalence of diabetes is alarming, as diabetes is a strong risk factor for coronary heart disease and cardiovascular disease (CVD) mortality (5) .
Conventional efforts to reduce the impact of diabetes complications have been predominantly aimed at controlling hyperglycemia, hypertension, and dyslipidemia by medication. However, diabetes management recommendations extend to an overall strategy including lifestyle modification to reduce the risk of complications (6) .
Prospective cohort studies have shown that diabetic patients who engage in regular physical activity have a lower risk of CVD and all-cause mortality than those who are less active (7) (8) (9) (10) (11) (12) (13) (14) (15) . Randomized controlled trials of structured exercise training among diabetic patients have shown the beneficial effects on insulin sensitivity, glycemic control, and weight loss or maintenance (16) (17) (18) (19) (20) (21) , although behavioral interventions designed to deliver physical activity advice did not demonstrate a significant benefit compared with usual care (21) . Thus, although supervised exercise appears to be effective in managing diabetes, patients struggle to maintain sufficient physical activity in their daily life outside a controlled trial setting. It is therefore important to investigate the role of lifestyle activity for secondary prevention in diabetic patients. The 2011 physical activity report by the Chief Medical Officers of the U.K. (22) recommends that adults with diabetes should engage in aerobic physical activity of moderate intensity for at least 150 min/week (e.g., 5 days a week for 30 min), 75 min of vigorous activity, or an equivalent combination, a recommendation that is identical to the one aimed at adults in the general population. We are not aware of any epidemiological studies that have investigated the role of different types of physical activity on prognosis in diabetic patients. Thus, the key aim of this study was to examine the association between not only total physical activity but also different physical activity types and the risk of allcause and CVD mortality in a population sample of diabetic patients drawn from representative general population samples from England (Health Survey for England [HSfE] ) and Scotland (Scottish Health Survey [SHeS]).
RESEARCH DESIGN AND METHODS

Study Design and Population
The HSfE and the SHeS are crosssectional, general, representative population-based surveys among individuals living in private households in the two countries. The samples are selected from a multistage, stratified probability design to give a sociodemographic nationally representative target population (23) . The HSfE has been conducted annually since 1991 (24) , whereas the SHeS was initially run as intermittent surveys in 1995, 1998, and 2003 (25,26) ; both were designed as health examination surveys to measure health and healthrelated behaviors. Trained interviewers visited the selected households to recruit participants and elicit answers to questionnaires. A trained nurse then visited consenting households to obtain information on medication, measure blood pressure, and collect blood samples (24, 26 Using these criteria, we identified 4,456 individuals aged $50 years with diabetes. After excluding participants without information on vital status at follow-up (lack of consent or inability to link data, n = 705), physical activity (n = 1), or other covariates (smoking status, drinking pattern, measured BMI, social class, limiting long-standing illness, and preexisting CVD and hypertension, n = 712), the final analytical sample included 3,038 individuals. Inclusion of the younger age groups of patients with diabetes (35-49 years of age, n = 617) would have considerably diluted the overall event rate as there were only 28 all-cause deaths and only 12 CVD deaths in this age group. Such dilution of the events rate would have adversely impacted the precision of our effect size estimates.
Physical Activity Assessment
The interviewer inquired about participation in physical activities for the 4 weeks prior to the HSfE/SHeS interview (24) . Overall participation, type of activity, and frequency (occasions) of participation were examined for the following three physical activity domains: domestic physical activity, walking, and sports and exercise.
For domestic physical activity, individuals were asked about their participation (yes/no) in heavy manual housework, gardening, and "do-ityourself" activities that lasted $30 min (4 weeks prior to the interview). All heavy domestic physical activity was defined as moderate intensity (28) . Walking intensity was assessed by asking participants to rate their pace (slow/average/fairly brisk/fast) with the latter two responses categorized as moderate intensity. For sports and exercise, participants were asked for the frequency, duration, and name of the sport/exercise that lasted $15 min (e.g., cycling, swimming, aerobics, football, and rugby). Intensity was also assessed by asking the individual if the particular sport/exercise made them feel "out of breath or sweaty." The physical activity questionnaires had minor differences across survey years. The minimum duration for a walking bout to be included in the analysis was 15 
Mortality Outcome
Primary causes of death were diagnosed according to the ICD using ICD-9 and ICD-10. CVD codes recorded from the ICD were 390-459 from the ICD-9 and 101-199 from the ICD-10 (28).
Covariates
Height and weight were measured by trained interviewers using standard protocols (29); BMI was calculated as weight (in kilograms) divided by height (in meters) squared. Hypertensive status was defined using the following multiple criteria: self-reported doctordiagnosed hypertension, hypertension reported as a long-standing illness, and blood pressure recordings measured by the nurse (hypertension: mean of second and third readings for systolic blood pressure $140 mmHg and a diastolic blood pressure $90 mmHg) (30) . Additional questions assessed social class, alcohol consumption, smoking habits, existing CVD, and existing limiting long-standing illness.
Data Handling and Analysis
All analyses were performed using Stata 11 (StataCorp, LP). Specific physical activity types were recoded into MET intensity levels. A MET is defined as the ratio of work metabolic rate during a specific physical activity to a reference rate of metabolic rate at rest of 1.0 (31) . The conversion to MET-hours/week for walking, sports/exercise, and domestic physical activity has been described in detail elsewhere (32) using the Compendium of Physical Activity (31) . MET-hours were calculated by multiplying the MET value of a given activity by the total weekly volume in hours. Physical activity variables included in this study as main exposures were as follows: 1) total nonoccupational physical activity; 2) sports/exercise; 3) domestic physical activity; 4) walking; and 5) physical activity grouped in relation to the current recommendation guidelines (all expressed as MET-hours/ week).
The physical activity recommendation variable was created based on participation in moderate to vigorous leisure-time physical activities. This variable was based on the intensity with which an individual participated in physical activity multiplied by the duration per day (hours/week) in each activity type. The recommended cut point of 7.5 MET-hours/week was used. It was calculated from the product of 2.5 h and 3 MET-hours, corresponding to the physical activity recommendations (150 min/week of moderate-intensity exercise) (33) . Participants were classified into the following three groups: no (nonoccupational) physical activity (0 MET-hours/week; reference value); some physical activity but lower than the recommended activity (0.1-7.4 MET-hours/week); and meeting the physical activity recommendations ($7.5 MET-hours/week). Sex-specific median MET values for total nonoccupational physical activity, sports/exercise, domestic activity, and walking were also calculated (Supplementary Table 1 ).
Hazard ratios (HRs) and 95% CIs of allcause and CVD mortality (outcomes) were calculated using Cox proportional hazards regression (with months as the time scale). Data were censored on 15 February 2011 for the HSfE and on 30 December 2009 for the SHeS for those individuals who did not have an event.
The proportional hazards assumption was tested visually using Kaplan-Meier curves, and no apparent violations were observed. Within each analysis (physical activity in relation to the current recommendation guidelines), the following adjustments were performed: initially for age and sex (model 1); additionally, for social class (I, professional; II, managerial technical; IIIN, skilled nonmanual; IIIM, skilled manual; IV, semiskilled manual; V, unskilled manual; and other, including students/never worked/armed forces); for alcohol consumption (never drinkers; ex-drinkers; less than one drink per month; one to two drinks per month; one to four drinks per week; and five or more drinks per week); for smoking (never smoked; ex-smoker; ,10 cigarettes per day; 10-19 cigarettes per day; and $20 cigarettes per day); BMI; physical activity questionnaire version; hypertension (yes/no); limiting long-standing illness (yes/no); and existing CVD (yes/no) (model 2).
Moreover, within each analysis (for different types of physical activity) the following adjustments were performed, initially for age and sex (model 1), additionally for hypertension, limiting long-standing illness, social class, alcohol consumption, smoking, BMI, physical activity questionnaire version, existing CVD (model 2), and for other physical activity types (model 3). Test for linear trend was obtained using the continuous measure of MET-minutes of activity in place of the categorical variables.
Likelihood ratio tests were performed to assess for interactions among sex, BMI, existing CVD, and physical activity in terms of all-cause and CVD mortality. Table 1 summarizes the sample characteristics by level of physical activity. A total of 40% of the participants met the physical activity recommendation guidelines, but 33% reported no physical activity. Individuals not reporting any physical activity were older, more likely to be from a lower socioeconomic group, more likely to have a limiting long-standing illness other than diabetes, and to have CVD at baseline compared with those doing some physical activity (P , 0.001). Participants who met physical activity recommendation guidelines were more likely to be male and nonsmokers, and to have a lower BMI than those who performed some or no physical activity (P , 0.004).
RESULTS
Associations Between Summary Physical Activity Levels and Mortality Table 2 illustrates the associations between physical activity and all-cause and CVD mortality.
In total, 675 people died (22.2%), 270 (8.9%) from CVD, with a median followup time of 75.2 months, and mortality rates of 2.8 and 1.1 per 1,000 personmonths for all-cause and CVD, respectively.
Higher physical activity was associated with lower mortality. Compared with those individuals not undertaking physical activity, the greatest reduction in the risks of both all-cause mortality (HR 0.62 [95% CI 0.51-0.74]) and CVD mortality (0.57 [0.42-0.76]) were observed in those meeting the physical activity recommendations; these associations persisted after adjustment for all covariates. Reduced risk of both all-cause and CVD mortality was also observed in the group who reported performing some physical activity, after adjustment for covariates.
A sensitivity analysis was conducted (the results of which are presented in Supplementary Tables 1 and 3) separately for the 393 participants (180 women, 213 men) with undiagnosed diabetes (whose inclusion in our sample was based on HbA 1c levels) and for the 2,645 participants (1,208 women, 1,437 men) with diagnosed diabetes (whose inclusion in our sample was based on doctor-diagnosed and/or long-standing illness).
Among participants with diagnosed diabetes (n = 2,645; Supplementary Table 2), a total of 629 people died from any cause, and 252 from CVD causes, with a median follow-up time of 75.4 months, and mortality rates of 3.0 and 1.2 per 1,000 person-months, respectively.
The direction and magnitude of the observed associations were very similar to those in the main analyses (Table 2) ; for example, the multivariable-adjusted HR for those meeting the physical activity recommendations was 0.64 (95% CI 0.52-0.80; P , 0.001) for allcause mortality and 0.60 (0.43-0.84; P , 0.001) for CVD mortality, compared with those undertaking no physical activity.
We found no evidence for sex, BMI, or existing CVD interactions with either of our two mortality outcomes.
Among participants with undiagnosed diabetes (n = 393; Supplementary Table 3 ), a total of 46 people died from any cause (11.70%), and 18 people died from CVD causes (4.58%), with a median follow-up time of 75.4 months, and mortality rates of 1.48 and 0.58 per 1,000 person-months, respectively.
The very low number of events in this subgroup and the subsequent violations of the proportional hazards assumptions limit the value of this subanalysis (e.g., there were only nine all-cause deaths and only three CVD deaths in the middle physical activity group). Although no statistically significant associations were observed, there were indications that the HRs were following a dose-response pattern in both the all-cause and CVD mortality analyses. Because of the limited statistical power, we preferred to place these data in Supplementary Table 3.   Tables 3 and 4 show the associations between different types of physical activity and all-cause and CVD mortality, respectively. There was a dose-response relationship between higher levels of overall physical activity and lower risk of all-cause and CVD mortality, as follows: compared with those who were inactive, the age-and sex-adjusted HR for all-cause mortality was 0.80 (95% CI Participation in sports/exercise was also associated with a lower risk of all-cause mortality in a dose-response manner; however, associations were attenuated after adjusting for covariates and other activity types (models 2 and 3). Conversely (for CVD mortality), compared with participants who reported no sports/exercise, the ageand sex-adjusted HR for those reporting below average sports/exercise was 0.57 (95% CI 0.35-0.93); but after adjusting for additional covariates (model 2) and other physical activity types (model 3), this association was attenuated to the null.
Walking was associated with a lower risk of both all-cause and CVD mortality, but adjusting the corresponding CVD models for other physical activity types attenuated these associations (model 3, P for trend = 0.055). Since we found evidence for sex interactions between walking and all-cause mortality (P = 0.037), we stratified the corresponding analyses by sex (Supplementary Table 4 ). These stratified analyses revealed a consistent dose-response pattern in men but not in women, in whom only the above median walking group had a lower risk of all-cause mortality compared with the referent group. However, male participants had a higher median level of walking than female participants (5.4 MET-hours/ week for men compared with 4.7 METhours/week for women), so the differential dose-response by sex may be due to lower BMI (P , 0.001), lower prevalence of limiting long-standing illness (P = 0.008) and hypertension (P = 0.004), and the use of a higher cutoff to signify "high" amounts of walking for male compared with female participants.
We found no consistent evidence for an association between domestic physical activity and all-cause or CVD mortality in any model.
CONCLUSIONS
This study provides evidence of a doseresponse relationship between physical activity and all-cause and CVD mortality among diabetic adults. These findings are in agreement with other prospective studies (9-13) showing a protective effect for all-cause and CVD mortality. For example, compared with diabetic individuals who have low activity levels, Hu et al. (12) found that those classified as medium and high for physical activity had HRs of 0.61 (95% CI 0.53-0.70) and 0.52 (0.45-0.60) for total mortality, and 0.61 (0.52-0.73) and 0.52 (0.44-0.62) for CVD mortality, respectively. Moreover, another study by the same group (11) found that patients with diabetes engaging in two or three types of moderate to high levels of occupational, commuting, and leisuretime physical activity (highest participation group) had a 45-48% and a 44-48% reduction in all-cause and CVD mortality, respectively, compared with those who reported light levels of physical activity. However, comparison with prior studies is problematic because the measurement scales and definitions of physical activity used differ.
We also presented evidence that even relatively low amounts of physical Data are HR (95% CI), unless otherwise stated. *Adjusted for age and sex. †Also adjusted for hypertension, limiting long-standing illness, social class, alcohol consumption, smoking, BMI, physical activity questionnaire version, and existing CVD. ‡Also mutually adjusted for other physical activity types. §Total MET-hours/week nonoccupational physical activity: median 12.4 for male participants, 9.4 for female participants. |Total MET-hours/ week of sports and exercise: median 8.0 for male participants, 5.8 for female participants. ¶Total MET-hours/week of walking: median 5.4 for male participants, 4.7 for female participants. #Total MET-hours/week of domestic physical activity: median 7.1 for male participants, 5.2 for female participants.
activity are associated with reduced risk of all-cause and CVD mortality. These findings are consistent with the study conducted by Sluik et al. (15) , which found that diabetic individuals classified as moderately active (third quartile) for total physical activity exposure, showed a 38% reduction (95% CI 0.49-0.78) in all-cause mortality and a 49% reduction (0.32-0.81) in CVD mortality, compared with those classified as inactive in multivariable analysis (15) .
Evidence from our study of a doseresponse relationship between sports/ exercise and all-cause mortality are in agreement with that of other previous studies (7, 8, 11, 14, 15) . For example, our study found that patients with diabetes reporting high levels of physical activity had all-cause mortality levels of 29% (95% CI 49-1), which was lower than those who were inactive in multivariable analysis with mutual adjustments for other physical activity types. This falls within the CI for allcause mortality reduction among patients with diabetes who were highly physically active (29%, 95% CI 44-8) compared with those who were inactive, as reported by Hu et al. (11), in a multivariate analysis with mutual adjustments for other physical activity types. Conversely, the lack of an association between sports/exercise and CVD mortality in our study may be due to the low number of events (only 17 deaths) and resultant broad CIs.
Our data on the protective effects of walking for all-cause and CVD mortality are consistent with recent literature (8) (9) (10) 34, 35) . However, most previous studies have examined the effects of higher doses of walking. For example, in a previous study (9) individuals who walked $2 h/week had a 39% lower risk of all-cause mortality (22-52%) and a 44% lower risk of CVD mortality (4-55%) compared with those reporting no walking. Another study (10) found that diabetic patients classified in the top quintile ($16.1 MET-hours/week) of walking from a large U.S. cohort had a 43% lower risk of all-cause mortality (17-41%). Our results expand on these findings by suggesting that, even when other physical activity is taken into account, low doses of walking (0.1-5.3 MET-hours/week, corresponding roughly to 1.5-1.7 h of walking) were still beneficially associated with all-cause mortality among male patients with diabetes.
Overall, moderate physical activity (0.1-7.4 MET-hours/week, which is below the recommended amounts) in a diabetic population would still be beneficial to reduce all-cause and CVD mortality.
This is, to our knowledge, the first study to examine the associations of domestic physical activity with all-cause and CVD mortality in a population sample of patients with diabetes. Our results are in partial agreement with previous general population studies (23, 28) as we found no evidence for a dose-response association between domestic physical activity and all-cause and CVD mortality (28) , although the group classified as below the sex-specific median showed 27% lower risks of all-cause mortality (9-41%) compared with the reference group. Reasons for this finding could be due to differences in the intensity at which these activities are performed (not sensitive to interindividual differences) and problems within the questionnaire capturing not only moderate-intensity activities but also The mechanisms by which physical activity reduces all-cause and CVD mortality among patients with diabetes have been proposed in several previous studies (16) (17) (18) (19) (20) (21) . Improved insulin sensitivity and glycemic control are mechanisms that benefit patients with diabetes through an increased rate of GLUT4s and glycogen synthase, in addition to hypertrophy of type I fibers, neovascularization, and an increase in muscle mass (16) (17) (18) (19) (20) (21) 35) . Another mechanism could be the lower levels of free fatty acids and the increase in adiponectin with participation in physical activity (17) (18) (19) . In addition, regular physical activity in patients with diabetes is associated with a reduction in other CVD risk factors, such as blood pressure (16, 17) and adiposity (17) , among many others.
Our study has several strengths and limitations. One of the key strengths of this study is the nationally representative population of pooled cohorts of people with typical characteristics of diabetes (i.e., higher BMI and presence of limiting longstanding illness) from England and Scotland. This diversity enhances the validity when making inferences to the overall diabetic population. Second, the availability of data on key physical activity domains, such as sports/ exercise, walking, and domestic physical activities, adds to the novelty of these analyses. Finally, the inclusion of an objective criterion used to diagnose diabetes (HbA 1c level) allowed for more complete ascertainment of diabetes than relying on self-reported data alone, which would have excluded undiagnosed cases.
Limitations include the use selfreported physical activity measures that are subject to recall bias and overreporting, increasing the possibility of exposure misclassification. This might have led to a higher number of individuals meeting the physical activity recommendations, thus diluting the associations. Nevertheless, questionnaires are one of the most common tools for physical activity assessment in large epidemiologic studies (9, 13, 14, 34) , are the measurement tool on which healthbased recommendations have been made, and showed good criterion validity (against accelerometry) in a general population sample of 107 English adults (36) .
Second, reverse causality is likely to have overestimated the mortality risks if comorbidities at baseline led to inactivity. In the current study, adjustments were made for baseline diseases to minimize the chances of reverse causation (to maintain the sample size), as models were adjusted for existing CVD and limiting long-standing illness. Moreover, sensitive analyses were performed among subgroups to ascertain that the findings were not confounded by behaviors that may have changed as a result of a diagnosis. Finally, residual confounding cannot be ruled out; however, this study examined the potential effect of a large set of confounders. Moreover, we were able to make mutual adjustments for other activity types, minimizing the chances of residual confounding from other physical activities in the analyses.
In conclusion, our study provides evidence for an inverse association among total nonoccupational physical activity, walking, and sports/exercise, with risk of all-cause mortality in participants with diabetes. An inverse association between physical activity levels and CVD mortality was also present. However, there was no association between domestic physical activity and CVD mortality. Lifestyle activities such as walking might be effective in managing diabetes, yet are also easily incorporated into everyday life without the need for supervised exercise. The funders played no role in the concept and design of this study, analysis or interpretation of the data, or drafting and critical revision of the manuscript.
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